Abstract -The objective of this work was to assess the genetic parameters and to estimate genetic gains in young rubber tree progenies. The experiments were carried out during three years, in a randomized block design, with six replicates and ten plants per plot, in three representative Hevea crop regions of the state of São Paulo, Brazil. Twenty-two progenies were evaluated, from three to five years old, for rubber yield and annual girth growth. Genetic gain was estimated with the multi-effect index (MEI). Selection by progenies means provided greater estimated genetic gain than selection based on individuals, since heritability values of progeny means were greater than the ones of individual heritability, for both evaluated variables, in all the assessment years. The selection of the three best progenies for rubber yield provided a selection gain of 1.28 g per plant.
Introduction
Breeding programs for rubber tree [Hevea brasiliensis (Willd. ex A. Juss.) Müell. Arg.] in Brazil have the main objective of uniting high yield and high vigor in a single individual. However, the breeding cycle of the species is very long, taking up to 30 years to achieve the final results. Therefore, research on young plants using early yield and plant vigor tests is very important.
Knowledge of the genetic variability of a population is the basis for breeding and essential to estimate the genetic parameters, which describe the variation levels among progenies, the magnitude of genetic control of traits, and the expected gains with selection (Freitas et al., 2006) . Researches in several parts of the world, such as Indonesia, India, Malaysia, and Brazil, have been trying to maximize genetic gains of rubber tree (Costa et al., 2008) using different selection techniques in order to accelerate the breeding programs.
According to Resende et al. (1999) the multi-effect index (MEI) method is an excellent selection procedure, equivalent to the Blup (best linear unbiased prediction). MEI estimates uses the variances of the mixed linear model random effects when data are unbalanced or when survival is greater than 85%. The index is based on the multiplication of phenotypic values of individuals, plot means, family means, block means, and general means by the weighing coefficients of the indexes (heritability). These coefficients are calculated in order to maximize the correlation between heritability indexes and genetic values. This maximization is obtained from the regression between genetic values and phenotype values. The multiplication between these values and coefficients is made using a matrix system (Resende & Higa, 1994a ). According to Resende & Higa (1994b) , selection based on MEI maximizes the genetic progress of a trait, regardless of the experimental structure.
The objective of this work was to assess the genetic parameters and estimate genetic gains in young rubber tree progenies.
Materials and Methods
The study was done with a population of cross-pollinated rubber tree progenies. It was set up in the regional research poles of the Agência Paulista de Agronegócios (Apta), in different rubber cropping regions of the state of São Paulo, Brazil, represented by the following municipalities: Jaú, Pindorama, and Votuporanga (Table 1) .
Cross-pollinated progenies were obtained from parental clones from Southeast Asia germoplasm, introduced in 1952 at the experimental center at the Instituto Agronômico, Campinas, SP, Brazil (Table 2) .
The experiments were set up in 2006, in a randomized block design, with 22 treatments (cross-pollinated progenies), six replicates, and ten plants per plot, placed in a single row with 1.5x1.5 m spacing.
Rubber yield (g per tapping per plant) was obtained by the Hamaker Morris-Mann test (HMM), modified for three-year-old seedlings (Dijkman, 1951) , based on the average dry rubber yield of 30 tappings per plant. The tapping panel was opened 15 cm above the ground, using ½S d/3 tapping systems, with a total of 35 tappings, discarding the first five tapping samples which corresponded to the adaptation of the panel. The indication ½S stands for a half-spiral cut, and d/3 indicates the interval between tappings, in this case, one tapping every three days. Annual girth growth (cm per plant) was determined at 50 cm from the ground with a measuring tape. The analysis for individual variance was done according to the mathematical model that considers all the random effects, expressed by Y ijk = m + p i + b j + e ij + d ijk , , in which: Y ijk is the observation related to plant k in the j replicate, in the i progeny; m is the general mean; p i is the random effect of the i th progeny (i= 1, 2,..., p); b j is the effect of the j (j= 1, 2,..., b) replicate; e ij is the effect of the random experimental error associated to the ij plot; d ijk is the random deviation inherent to plant k within the ij plot.
The variance estimates were obtained from the plot means in each location, following recommendations by Steel & Torrie (1980) , analyzed by the genetic statistical program Selegen (Resende, 2002) .
Within plot variances (s 2 d ) were calculated using individual plant data and averaging the individual plant square means.
Genetic and phenotypic parameters were estimated using the genetic statistical software Selegen -Reml/ Blup (Model 93).
Individual heritability in narrow sense was estimated as ˆh 2 r = ŝ Selection gain (%) was calculated as Gs(%) = 100Gs/ -x, in which: Gs is the genetic gain; andx is the general mean
The multi-effect index (MEI) was used to estimate the selection gains (Resende, 2002) 
Results and Discussion
Significant mean square for progenies show that they differed as to annual girth growth and rubber yield, and indicate that selection can be made with data already from the first year of assessment, except for rubber yield in Jaú, where the mean square for progenies was not significant in the first year (Table 3) . These results agree with those of Gonçalves et al. (2004a Gonçalves et al. ( , 2009 ) and Costa et al. (2006) .
The heritability values ranged from low to high for the evaluated variables (Table 4) . Progeny mean heritability (ĥ 2 mp ) was higher than the individual heritability (ĥ 2 r and ĥ 2 ad ); therefore, selection based on progeny mean would provide higher genetic gains than that based only on individuals. Gonçalves et al. (2005) , in studies carried out in the same locations of the present one, with three-year-old progenies, and reported similar results, with greater (ĥ 2 mp than ĥ 2 r ) . These authors stated that high heritability estimates, together with a great variation within population, makes it more efficient to select for productive and vigorous progenies. Silva et al. (2012) also reported progeny mean-based heritability greater than individual and within progeny heritabilities, for rubber yield and annual girth growth. Therefore, selecting by progeny mean seems to be a sound strategy to increase the genetic gain in rubber tree.
The selective-accuracy (rˆa a ) values were greater than 80%, within the indicated standard for the first and intermediate steps of a breeding program (Resende, 2007) . High-accuracy values are advantageous because they can provide high genetic gain values and increase selecting efficiency of progenies.
The coefficient of genetic variation (CVg%) and the experimental coefficient of variation (CVe%) (Table 4) were low, but within the expected range for rubber. Higher values were reported by Gonçalves et al. (2004b) and Gouvêa et al. (2012) . The relative variation index (CVr) showed very high values, greater than 1.0 in some cases, indicating high genetic variability for the evaluated variables, in all the years and locations. These values also indicate a favorable situation for selection.
Selecting 13.63% of the best progenies led to high selection gains, estimated with MEI, for rubber yield, using data from the three early tests (Table 5) . However, low selection gains were observed in the first year of production in Jaú (3,92%), which was already expected since the observed heritabilities in this period (Table 4) were also low (ĥ 2 mp = 0,08). Progeny selection in Jaú is recommended only from the third production year, when heritability value becomes high (59.52%).
Genetic gains are based on the general mean of each year. In the present study, the improved mean was greater than the general mean, in all the locations and tests; thus, selecting the three best progenies would increase yield up to 1.28 g per plant. Because of the genetic gain increases over the assessment years, selection is recommended only at the end of the third test, in order to make the breeding programs more efficient.
The annual girth growth had high selection gains, estimated with MEI, in all assessed years and locations r , individual heritability in the narrow sense; ˆh 2 mp , progeny mean heritability; ˆh 2 ad , within plot additive heritability; rˆa a , accuracy; CVg (%), coefficient of genetic variation; CVr, index of relative variation (CVg/CVe); and CVe (%), coefficient of experimental variation. (Table 6 ). Due to the high genetic gain obtained with data already from the first year, the most vigorous progenies can be selected at the beginning of the breeding program. Early selection can reduce rubber tree breeding cycle, which is very long, taking from 25 to 30 years to reach the final results. The positive selection gains obtained in all the assessment years and locations allows for a more reliable early selection. The values reported here are compatible with other studies, such as those by Gonçalves et al. (2004b) , which used a different methodology.
A more effective selection must take yield into consideration and account for the performance of other variables that contribute to yield increase, especially the annual girth growth gain, which is related to plant vigor.
The effective population size was in agreement with the number of selected progenies (three), indicating that they were not related , thus ensuring the genetic variability of the population. The mean inbreeding coefficient was high with F=[1/(2Ne)*100]= 17%, but this value can be reduced by increasing the number of selected individuals. Arantes et al. (2010) reported endogamy coefficient values lower (F=2.88%) than those observed in the present study, selecting the 20 best rubber tree progenies for rubber yield. (1) Progeny numbers related to identification in Table 2 . (1) Progeny numbers related to identification in Table 2 .
